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BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a magnetic thin film element making use of 
2 0 a giant magnetoresistive (GMR) effect, a memory element using the magnetic thin 
film element, and a method for recording and reproducing using the memory 
element. 

Description of the Related Art 

2 5 Although a magnetic thin film memory is a solid-state memory with no 

active part as is the case of a semiconductor memory, in the magnetic thin film 
memory, information is not lost even if a power supply is cut off, writing is 
enabled repeatedly up to an unlimited number of times, and there is no danger that 
the memory content may vanish with exposure to radiation, which are advantages 

3 0 in comparison with the semiconductor memory. In particular, recently, a thin film 
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magnetic memory using the giant magnetoresistive (GMR) effect is receiving 
attention because of a larger output in comparison with a conventional thin film 
magnetic memory using an anisotropic magnetoresistive effect. 

For example, in the Journal of the Japan Society of Applied Magnetics 
5 (Vol. 20, P. 22, 1996), a solid-state memory is disclosed, in which a memory 

element is fabricated by depositing a plurality of times a structure including a hard 
magnetic layer (HM), a nonmagnetic layer (NM), a soft magnetic layer (SM), and a 
nonmagnetic layer (NM). 

FIG. I is a schematic sectional view showing a structure of such a solid- 
10 state memory. In the drawing, numeral 1 represents a hard magnetic layer, numeral 
2 represents a nonmagnetic layer, and numeral 3 represents a soft magnetic layer. 
In this solid-state memory, a sense line 4 is provided on both sides the magnetic 
film, and a word line 5 is provided, and is isolated from the sense line 4 by an 
insulating layer 6. An electric current is applied to the word lines 5 and the sense 
15 line 4, and information is written means of the magnetic field generated as a result. 

Specifically, as shown in FIGS. 2 A through 2D, by applying an electric 
current to the word line 5, a magnetic field is generated in a different direction in 
response to the direction of electric current represented by numeral 7. The 
magnetization of the hard magnetic layer 1 is reversed by the magnetic field to 
2.0 record a memory in a state of "0" or "1". In FIGS. 2A and 2C, the horizontal axis 
represents time T and the vertical axis represents electric current I. In FIGS. 2B 
and 2D, the same members as those in FIG. 1 are represented by the same numeral 
as in FIG. 1, and detailed descriptions will be omitted. 

For example, by applying a positive current, as shown in FIG. 2A, to 
2 5 produce a rightward magnetic field, a memory state of 11 1" is recorded as shown in 
FEB. 2B. Also, by applying a negative current, as shown in FIG. 2C, to produce a 
leftward magnetic field, a memory state of "0" is recorded as shown in FIG. 2D. 

In order to read information, as shown in FIGS. 3A through 3E, an electric 
current 7 that is smaller than the recording current is applied to the word line 5 to 
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reverse the magnetization of the soft magnetic layer 3 only, and a resulting change 
in resistance is detected. 

In FIG. 3 A, the horizontal axis represents time T and the vertical axis 
represents electric current I. Also, in FIGs. 3B through 3E, the same members as 
5 those in FIG. 1 are represented by the same numeral as in FIG. 1 , and detailed 
descriptions will be omitted. 

When the giant magnetoresistive effect is used, resistance varies depending 
on whether the magnetizations of the soft magnetic layer SM and the hard 
magnetic layer HM are parallel or antiparallel. Thus, a memory in a state of "1" 

10 can be discriminated from a memory in a state of "0" in response to the change in 
resistance. For example, as shown in FIG. 3 A, when a current is applied as a 
positive pulse and then a negative pulse, the magnetization of the soft magnetic 
layer 3 changes from rightward to leftward, and with respect to the memory in a 
state of "1", a small resistance as shown in FIG. 3B is replaced by a large resistance 

15 as shown in FIG. 3C. On the other hand, with respect to the memory in a state of 
"0", a large resistance as shown in FIG. 3D is replaced by a small resistance as 
shown in FIG. 3E. By detecting the change in resistance as described above, 
information recorded in the hard magnetic layer HM can be read regardless of the 
magnetization condition of the soft magnetic layer SM after recording. 

20 In the conventional magnetic thin-film memory having the structure 

described above, however, as the area of the memory cell decreases, a 
demagnetizing field (self-demagnetizing field) generated in the magnetic layer 
increases so as to not be negligible, and the magnetization direction of the 
magnetic layer that stores records is no longer fixed in one direction, resulting in 

25 instability. Therefore, in the conventional magnetic thin-film memory, the 

refinement (reduction in size) of a on-bit cell and the stable storage of information 
are incompatible, and high integration is impossible. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the problems in the 
conventional art described above and to provide a magnetic thin film element in 
5 which instability of the magnetization can be prevented even if the element is 
finely structured (very small). 

It is another object of the present invention to provide a memory element 
which stores information with high stability and can be highly integrated. 

In order to achieve the first object of the present invention, in one aspect, a 
10 magnetic thin film element is provided with a magnetoresistive film which 

includes a first magnetic layer composed of a perpendicular magnetization film, a 
second magnetic layer composed of a perpendicular magnetization film having a 
higher coercive force than that of the first magnetic layer, and a nonmagnetic layer 
interposed between the first magnetic layer and the second magnetic layer. The 
15 resistance of the magnetoresistive film varies depending on whether or not the 

magnetic spins of the first magnetic layer and the second magnetic layer are in the 
same direction. 

In the magnetic thin film element, the nonmagnetic layer may be composed 
of a good conductor or an insulator. 
2 0 In order to achieve the second object of the present invention, in another 

aspect, a memory element includes the magnetic thin film element described above 
and at least one write line composed of a good conductor provided in the vicinity 
of the magnetoresistive film of the magnetic thin film element with an insulator 
therebetween. 

2 5 In the memory element described above, a plurality of write lines may be- 

provided on the sides of the magnetoresistive film. In the memory element, 
information may be retained in response to the direction of the magnetic spin of the 
first magnetic layer, and the direction of the magnetic spin of the second magnetic 
layer may always be maintained in the same direction. Alternatively, information 
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may be retained in response to the direction of the magnetic spin of the second 
magnetic layer. 

In still another aspect, a magnetic thin film memory, in accordance with the 
present invention, includes a plurality of memory elements described above arrayed 
5 in a matrix on a substrate, and a magnetoresistive film of each memory element is 
electrically connected to a semiconductor device composed of a field effect 
transistor or a diode. 

In a further aspect, a method for recording using the memory element, in 
accordance with the present invention, includes applying an electric current to the 
10 write line, fixing a direction of the magnetic spin of the first magnetic layer by 
means of a magnetic field generated by the electric current, and changing the 
direction of the electric current to be applied to the write line to record a memory 
state of "0" or f T\ 

In a still further aspect, a method for reproducing using the memory 
15 element, in accordance with the present invention, includes detecting resistance of 
the magnetoresistive film to reproduce information recorded as the direction of the 
magnetic spin in the first magnetic layer. 

In a yet further aspect, a method for recording using the memory element, 
in accordance with the present invention, includes applying an electric current to 
2 0 the write line, fixing a direction of the magnetic spin of the second magnetic layer 
by means of a magnetic field generated by the electric current, and changing the 
direction of the electric current to be applied to the write line to record a memory 
state of "0" or "1". 

In a yet further aspect, a method for reproducing using the memory 
2 5 element, in accordance with the present invention, includes applying an electric 
current to the write line, and using a change in resistance resulting from the 
reversal of the magnetic spin of the first magnetic layer caused by a magnetic field 
generated by the electric current to reproduce information recorded in the second 
magnetic layer. 
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Further objects, features and advantages of the present invention will 
become apparent from the following description of the preferred embodiments with 
reference to the attached drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional view showing a structure of a conventional 
magnetic thin film memory element; 

FIGS 2A through 2D are diagrams which illustrate the recording of 
10 information in a conventional magnetic thin film memory element; 

FIGs. 3 A through 3E are diagrams which illustrate the reproducing of 
information in a conventional magnetic thin film memory element; 

FIGS. 4 A and 4B are schematic sectional views showing a structure of a 
magnetic thin film element in accordance with the present invention; 
15 FIGS. 5A and 5B are diagrams which illustrate the magnetization of a 

magnetic thin film element in accordance with the present invention; 

FIG. 6 is a schematic sectional view showing a structure of a memory 
element in accordance with the present invention, in which the magnetic thin film 
element shown in FIGs. 4A and 4B is used; 
2 0 FIG. 7 is a schematic sectional view showing another structure of a memory 

element in accordance with the present invention, in which the magnetic thin film 
element shown in FIGs. 4A and 4B is used; 

FIGs. 8A through 8D are diagrams which illustrate the magnetization of a 
memory element in accordance with the present invention; 
2 5 FIG. 9 is a schematic sectional view of a memory cell using a memory 

element in accordance with the present invention; and 

FIG. 10 is a schematic sectional view of another memory cell using a 
memory element in accordance with the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The present invention will be described in detail with reference to the 
drawings. 

EMBODIMENT 1 

FIGs. 4A and 4B are schematic sectional views showing a structure of a 
magnetic thin film element in accordance with the present invention. Numeral 1 1 
represents a first magnetic layer composed of a perpendicular magnetization film, 
numeral 12 represents a second magnetic layer composed of a perpendicular 
magnetization film having a higher coercive force at room temperature in 
comparison with the first magnetic layer 11, and numeral 13 represents a 
nonmagnetic layer. The first magnetic layer 1 1 is deposited on the second 
magnetic layer 12 with the nonmagnetic layer 13 therebetween. The arrows 
represent magnetization direction, in particular, a direction of the spin constituting 
the magnetization. In FIG. 4 A, the magnetic spin directions of the first magnetic 
layer 1 1 and the second magnetic layer 12 are parallel, and in FIG. 4B, they are 
antiparallel. 

Materials for the first magnetic layer 1 1 and the second magnetic layer 12 
include magnetic materials exhibiting perpendicular magnetization such as a 
ferrimagnetic film that is an alloy of a rare earth element and a transition element 
of the iron group (RE/TM), a garnet film that is an oxide magnetic film, an 
artificial lattice film of a rare earth element and a transition metal of the iron group 
(RE/TM), PtCo, and PdCo. 

As a RE-TM material, GdFe, GdFeCo, TbFe, TbFeCo, DyFe, DyFeCo, or 
the like is preferably used because of an easy exhibition of perpendicular 
magnetization. Among the magnetic films mentioned above, GdFe or GdFeCo is 
more preferable as a material for the first magnetic layer 1 1 because its coercive 
force can be decreased. Although, as a material for the second magnetic layer 12, 
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TbFe, TbFeCo, DyFe, DyFeCo, or the like is preferably used because its coercive 
force can be increased, when the reversal of coercive force can be increased, when 
the reversal of magnetization is caused by a magnetic field generated by an electric 
current, the required electric current value may be excessively large because of the 
5 excessively high coercive force in those materials, and thus, by using GdFe, 

GdFeCo, or the like, the composition is adjusted so that the second magnetic layer 
12 has a larger coercive force than that of the first magnetic layer 1 1 . 

In the magnetic thin film element of the present invention, resistance varies 
depending on whether the spin directions of the first magnetic layer 1 1 and the 

10 second magnetic layer 12 are parallel or antiparallel. For example, as shown in 
FIG. 4 A, when the directions of the spins of the first magnetic layer il and the 
second magnetic layer 12 are parallel, resistance is low, and as shown in FIG. 4B, 
when the spin directions of the first magnetic layer 1 1 and the second magnetic 
layer 12 are antiparallel, resistance is high. 

15 Further description will be made with reference to FIGs. 5 A and 5B, using 

a RE-TM material. In FIGS. 5A and 5B, the same members as those in FIGS. 4A 
and 4B are represented by the same numerals as in FIGs. 4A and 4B, and detailed n 
descriptions will be omitted. 

In FIGS. 5A and 5B the outlined arrows represent a net magnetization 

2 0 direction RM, which corresponds to a difference in magnetization between a rare 
earth element and an element of the iron group, and the black arrows represent a 
magnetization direction IM of a transition element of the iron group. When the 
magnetic film is a ferrimagnetic film composed of a rare earth element and a 
transition element of the iron group, the sub-lattice magnetizations of the 

2 5 individual elements are antiparallel. The magnetization of the rare earth element is 

caused by 4f electrons. However, since the 4f electrons are deep within an inner 
shell, they do not greatly contribute to electric conductivity. On the other hand, 
some of the 3d electrons which contribute to the magnetization of the transition 
element of the iron group are conduction electrons because they are near an outer 

3 0 shell. Therefore, magneto-resistance depending on a difference in spin direction is 
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more easily influenced by the spin of the transition element of the iron group. 
Accordingly, the spin direction caused by magneto-resistance depends on the spin 
direction of the element of the iron group. For example, as shown in FIG. SA, 
when the magnetic moment of the element of the iron group of the first magnetic 
.5 layer 1 1 is parallel to that of the second magnetic layer 12, resistance is small, and 
as shown in FIG. 5B, when antiparallel, resistance is large. 

Although, in FIGs. 5A and 5B, the transition element of the iron-group-rich 
(TM-rich) structure is used, in which the net magnetizations of the individual 
magnetic layers and the magnetization of the element of the iron group are in the 

10 same direction, other structures may be used, for example, a structure in which the 
first magnetic layer 1 1 is rare-earth-element-rich (RE-rich) and the second 
magnetic n layer 12 is TM rich, or vice versa. 

Since the magnetic thin film element in the present invention is composed 
of a perpendicular magnetization film, in comparison with an element composed of 

15 an in-plane magnetization film, there is a large difference in stability of the 
magnetization when the element is finely structured. Specifically, when an 
element is composed of a known magnetoresistive film such as NiFe/Cu/Co, an 
amount of saturation magnetization is approximately 800 emu/cc or more, and if 
the width of the element is in the submicron range, a demagnetizing field increases 

2 0 because magnetic poles on the ends of the film move closer to one another, and 
thus, the spins rotate at the film ends and are aligned parallel to the ends. On the 
contrary, in a perpendicular magnetization film, the amount of demagnetizing 
energy is smaller than a P perpendicular magnetic anisotropy constant, and 
therefore, the amount of saturation magnetization is suppressed at approximately 

2 5 300 emu/cc or less at the maximum. Even if the width of the element is decreased, 

the magnetic poles on the "ends" of the film do not move closer to one another, and 
the demagnetizing field does not increase. Accordingly, even at a submicron 
width, magnetization can be maintained sufficiently stably. Therefore, when the 
element is used for a memory element, the integration can be significantly 

3 0 enhanced. 
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EMBODIMENT 2 

A magnetic thin film element of this embodiment has the structure shown 
in FIGs. 4A and 4B, and a nonmagnetic layer 13 interposed between a first 
magnetic layer 1 1 and a second magnetic layer 12 is composed of a good 
conductor. This element is hereinafter referred to as a spin scattering element. A 
good conductor preferably has higher conductivity than that of the first magnetic 
layer 1 1 or the second magnetic layer 12, and, for example, Cu may be used. 

Since a good conductor having Cu as a major constituent has its Fermi 
energy close to that of the magnetic layer and has good adhesion, resistance easily 
occurs at the interface when the magnetization direction changes, and thus a large 
magneto-resistance ratio can be obtained. Also, preferably, the nonmagnetic layer 
13 has a thickness of 5 A to 60 A. 

Preferably, by providing a magnetic layer having Co as a major constituent, 
between the first magnetic layer 1 1 and the nonmagnetic layer 13, or between the 
second magnetic layer 12 and the nonmagnetic layer 13, or both between the first 
magnetic layer 1 1 and the nonmagnetic layer 13 and between the second magnetic 
layer 12 and the nonmagnetic layer 13, a magneto-resistance ratio is increased, 
resulting in a higher S/N ratio. In such a case, the layer having Co as a major 
constituent preferably has a thickness of 5 A to 20 A. 

The thickness of the first magnetic layer 1 1 must be set so that a giant 
magnetoresistive effect is efficiently produced. Specifically, if the thickness of the 
first magnetic layer 1 1 greatly exceeds a mean free path of electrons, the effect 
decreases because of phonon scattering, and thus the thickness is preferably 200 A 
or less, and more preferably 150 A or less. However, if the first magnetic layer 1 1 
is excessively thin, resistance of the cell decreases, resulting in a decrease in output 
of playback signals as well as difficulty in retaining the magnetization. Therefore, 
the thickness of the first magnetic layer 1 1 is preferably 20 A or more, and more 
preferably 80 A or more. 

Since the thickness of the second magnetic layer 12 is set so that a giant 
magnetoresistive effect is efficiently produced, the same as the first magnetic layer 



1 1, the thickness is preferably 200 A or less, and more preferably 1 50 A or less. 
However, if the thickness is excessively small, resistance of the cell decreases, 
resulting in a decrease in output of playback signals as well as difficulty in 
retaining the magnetization. Therefore, the thickness of the second magnetic layer 
12 is preferably 20 A or more, and more preferably 80 A or more. 

In order to improve a S/N ratio, a unit including a first magnetic layer, a 
nonmagnetic layer, a second magnetic layer and a nonmagnetic layer may be 
deposited a plurality of times. As the number of units to be deposited increases, a 
magneto-resistance ratio increases, which is preferable. However, if the number is 
excessively large, the thickness of the magnetoresistive film increases and a large 
volume of electric current is required. Therefore, the number of units to be 
deposited is preferably 40 or less, and more preferably approximately 3 to 20. 

EMBODIMENT 3 

A magnetic thin film element of this embodiment has the structure shown 
in FIGs. 4A and 4B, and a nonmagnetic layer 13 interposed between a first 
magnetic layer 1 1 and a second magnetic layer 12 is composed of an insulator, and 
thus a spin-tunnel film is formed. When an electric current is applied 
perpendicular to the film surface during reproducing, tunneling of electrons from 
the first magnetic layer 1 1 to the second magnetic layer 12 occurs. 

Since such a spin-tunnel element has a higher magnetoresistance ratio in 
comparison with the spin scattering element described above, output signals having 
a satisfactory S/N ratio can be obtained. 

In the spin-tunnel magnetic thin film memory element of this embodiment, 
a ferromagnetic tunnel junction, which includes a ferromagnetic material, an 
insulator, and a ferromagnetic material, is formed. Since conduction electrons of 
the ferromagnetic materials tunnel while maintaining the spins, tunnel probability 
varies depending on the magnetization condition of both magnetic layers, resulting 
in a change in tunnel resistance. Accordingly, when the magnetizations of the first 
magnetic layer il and the second magnetic layer 12 are parallel, resistance is small, 
and when the magnetizations of the first magnetic layer 1 1 and the second 
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magnetic layer 12 are antiparallel, resistance is large. As the difference in density 
of states between upward spins and downward spins increases, the resistance 
increases, resulting in larger output signals. Thus, a magnetic material having high 
spin polarizability is preferably used for the first magnetic layer 1 1 and the second 
5 magnetic layer 12. Specifically, with respect to the first magnetic layer 1 1 and the 
second magnetic layer 12, Fe, which has high polarizability of upward and 
downward spins at the Fermi surface, is selected as a major constituent, and Co is 
selected as a second constituent. 

The thickness of the magnetic thm film element of this embodiment is 

10 preferably from 100 A to 5,000 A. The reason for this is that, firstly, when an 
oxide is used as the insulator, since magnetism at the interface between the 
magnetic layer and the oxide is weakened under the influence of the oxide, the 
portion with weakened magnetism dominates in the entire film if the thickness is 
small, resulting in an adverse effect on the magnetism of the film. Secondly, when 

15 a memory element is refined to the submicron range, since the volumes of the first 
magnetic layer 1 1 and the second magnetic layer 12 decrease, perpendicular 
magnetic anisotropic energy decreases, resulting in a decrease in the magnetization 
retention function of the individual layers. Also, if the thickness is excessively 
large, resistance of the cell increases excessively. Thus, the thickness is preferably 

2 0 5,000 A or less, and more preferably, 1 ,000 A or less. 

As described above, since the magnetic thin film element of this 
embodiment uses the magnetoresistive effect by spin-tunneling, the nonmagnetic 
layer 1 3 must be an insulating layer so that electrons tunnel while retaining their 
spins. The nonmagnetic layer 13 may be entirely insulating, or may be partially 

2 5 insulating. An example in which an oxide layer composed of an oxidized 

nonmagnetic metal film is used as the nonmagnetic layer 13 includes an A1 2 0 3 , 
layer formed by oxidizing a portion of an Al film in air or in a vacuum by plasma 
oxidation. Other examples are aluminum nitride (AINx), silicon oxide (SiOx), 
silicon nitride (SiNx), and nickel oxide (NiOx). Preferably, aluminum oxide 

3 0 (AlOx) is used. Also, in order to cause spin-tunneling, an appropriate potential 
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barrier is required to the energy of conduction electrons of the first and the second 
magnetic layers. The materials mentioned above relatively easily produce the 
barrier, which is advantageous in production. 

Preferably, the nonmagnetic layer 13 is a uniform layer having a thickness 
of approximately several tens of A, and the thickness of its insulating portion has a 
thickness from 5 A to 30 A. If the thickness is less than 5 A, there is a possibility 
of an electrical short circuit between the first magnetic layer 1 1 and the second 
magnetic layer 12. If the thickness is more than 30 A, tunneling of electrons does 
not easily occur. More preferably, the thickness is 5 A to 25 A, and still more 
preferably, the thickness is 6 A to 18 A. 

EMBODIMENT 4 

One of the applications of a magnetic thin film element in accordance with 
the present invention is an application to a memory element, which records 
information of "0" or "1" in response to the magnetization direction, and reads 
information using a difference in resistance. 

FIG. 6 is a schematic sectional view showing a memory element which uses 
the magnetic thin film element described above. In FIG. 6, the same members as 
those in FIGS. 4 A and 4B are represented by the same numerals as in FIGs. 4 A and 
4B, and detailed descriptions will be omitted. Numeral 14 represents the magnetic 
thin film element shown in FIGs. 4A and 4B, numeral 15 represents a write line 
composed of a good conductor, and numeral 16 represents a magnetic field 
generated by applying an electric current to the write line 15. 

In the memory element of this embodiment, magnetization information "0" 
or "1" is recorded in response to the spin direction, i.e., upward or downward, of 
either the first magnetic layer 1 1 or the second magnetic layer 12. Whether 
information is stored in the first magnetic layer 11 or in the second magnetic layer 
12 depends on a structure of the element which will be described below. In the 
memory element of this embodiment, recording is performed by applying an 
electric current to the write line 15 placed in the vicinity of the first and second 
magnetic layers 1 1 and 12, and reversing the magnetization of the first magnetic 
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layer 1 1 or the second magnetic layer 12 by means of the magnetic field 16 
generated. Although, in FIG. 6, an electric current is applied toward (into) the 
drawing, if the electric current is applied in the reverse direction, a reversed 
magnetic field is generated and the direction of the spin can be reversed. Whether 
information is recorded in the first magnetic layer 1 1 or in the second magnetic 
layer 12 depends on a medium type as described below. An insulating film (not 
shown in the drawing) is provided between the write line 15 and the 
magnetoresistive film 14. The insulating film is provided in order to prevent the 
write line 15 and the magnetoresistive film 14 from being electrically connected to 
each other. The deterioration of playback signals caused by the leakage of an 
electric current applied to the, magnetic thin film element to the write line 15 can 
thus be prevented. 

The magnetoresistive film 14 exhibits low resistance when the spin of the 
first magnetic layer 1 1 and the spin of the second magnetic layer 12 are parallel, 
and exhibits high resistance when they are antiparallel. Therefore, digital 
information recorded can be detected by detecting the resistance of the 
magnetoresistive film, or a change in the resistance, as described below. 

The write line 15 is set so that a magnetic field is generated perpendicular 
to the magnetoresistive film 14 by applying an electric current. For that purpose, 
the write line 15 is preferably placed so that an electric current is applied parallel to 
the film surface. Also, when the space between the write line 15 and the 
magnetoresistive film 14 is large, a sufficient magnetic field cannot be applied, and 
when the space is too narrow, a dielectric breakdown may occur, or a tunnel 
current may flow. Accordingly, the space is at least from 10 A to 1 urn, and 
preferably, from 50 A to 1, 000 A. 

EMBODIMENT 5 

A magnetic thin film memory element of this embodiment has the structure 
shown in FIG. 6, and includes a memory layer (first magnetic layer 1 1), a 
nonmagnetic layer 13, and a pinned layer (second magnetic layer 12). In the 
magnetic thin film memory element, the first magnetic layer 1 1 is a memory layer 



- 15 - 



for storing magnetic information, and the second magnetic layer 12 is a pinned 
layer in which the magnetization is always aligned in a predetermined direction in 
any state (i f e., storing, recording, and reproducing). A method of recording will be 
described with reference to FIGs. 4A and 4B. Data of "0" and "1" are set to 
correspond to upward magnetization of the first magnetic layer 1 1 (FIG. 4A) and 
downward magnetization (FIG. 4B), respectively. As described above, for 
recording, the magnetization of the first magnetic layer 1 1 is reversed by a 
magnetic field generated by an electric current applied to a write line 15. In such a 
manner, since resistance is low in a state of "0" and resistance is high in a state of 
"1", during reproducing, information can be detected from the absolute value of 
resistence, without reversing the magnetization of the magnetic layer. Therefore, 
the reversal of the magnetization is not required to detect a change in resistance 
during reproducing, and reproducing can be performed quickly and with low 
current consumption. 

Although the spin direction of the second magnetic layer 12 is upward in 
the above description, it may be downward. Also, data of "0" and " 1 " may be set to 
correspond to downward magnetization of the first magnetic layer 1 1 and upward 
magnetization, respectively. 

Although, as magnetic materials for the first magnetic layer 1 1 and the 
second magnetic layer 12, the RE-TM materials described above may be used, with 
respect to the second magnetic layer 12 as the pinned layer, TbFe, TbFeCo, DyFe, 
DyFeCo, or the like having a high coercive force is preferably used. Additionally, 
providing an antiferromagnetic material such as FeMn, IrMn, or NiO on the second 
magnetic layer 12 on the side opposite to the interface with the nonmagnetic layer 
will increase the coercive force of the second magnetic layer 12. 

If the coercive force of the first magnetic layer il is too low, memory 
characteristics deteriorate, and if it is too high, recording current increases. 
Accordingly, the coercive force of the first magnetic layer 1 1 is preferably from 5 
Oe to 50 Oe. If the coercive force of the second magnetic layer 12 is too low, there 
is a possibility of reversal of the magnetization during recording and reproducing, 
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and if it is too high, it is difficult to perform initialization in which the spin is 
aligned in one direction. Accordingly, the coercive force of the second magnetic 
layer 12 is preferably from 20 Oe to 20 kOe. Also, the coercive force of the first 
magnetic layer 1 1 is preferably set at approximately half of that of the second 
magnetic layer 12. 

EMBODIMENT 6 

A magnetic thin film memory element of this embodiment has the structure 
shown in FIG. 6, and includes a detection layer (first magnetic layer 1 1), a 
nonmagnetic layer 13, and a memory layer (second magnetic layer 12). In the 
magnetic thin film memory element, the second magnetic layer 12 is a memory 
layer for storing magnetic information, and the first magnetic layer 1 1 having a 
small coercive force is provided for reading the magnetic information stored in the 
second magnetic layer 12 using a magnetoresistive effect. FIGS. 8 A through 8D 
illustrate the magnetization of such a magnetic thin film memory element during 
recording and reproducing. In FIGs. 8A through 8D, the same members as those in 
FIGS. 4A and 4B are represented by the same numerals as in FIGs. 4A and 4H, and 
detailed descriptions will be omitted, The arrows represent the direction of the 
magnetic spin of the individual magnetic layers. 

In this embodiment, data of "0" and "1" are set to correspond to upward 
magnetization of the second magnetic layer 12 (FIG. 8 A) and downward 
magnetization (FIG. 8B), respectively. For recording, the magnetization of the 
second magnetic layer 12 is reversed by a magnetic field generated by recording 
current. 

For reproducing, an electric current which is weaker than that during 
recording is applied to a write line, or, as described below, an electric current is 
applied to only one of two write lines provided, to generate a magnetic field which 
is smaller than that during recording, and the magnetization of the detection layer, 
only, is reversed, without reversing the magnetization of the memory layer. For 
example, when "0" is recorded, the magnetization is changed from a state shown in 
FIG. 8A to a state shown in FIG. 8C, or the reverse. When "1" is recorded, the 
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magnetization is changed from a state shown in FIG. 8B to a state shown in FIG. 
8D, or in reverse. Resistance changes from low to high in the case of "0", and 
changes from high to low in the case of "P. Thus, recorded information can be 
detected by a change in resistance. In this method, even a minute change in signals 
can be detected using differential detection or the like, in comparison with the 
method of detecting the absolute value of resistance, and thus, reproducing can be 
performed with high detectivity. 

Additionally, data of "0" and "1" may be set to correspond to downward 
magnetization of the second magnetic layer 12 and upward magnetization, 
respectively. 

Although, as magnetic materials for the first magnetic layer 1 1 and the 
second magnetic layer 12, the RE-TM materials described above may be used, 
since the magnetization of both layers is reversed during recording and 
reproducing, GdFe, GdFeCo, or the like having a lower coercive force is preferably 
used. 

If the coercive force of the first magnetic layer 1 1 is too low, playback 
signals deteriorate, and if it is too high, regenerative current increases. 
Accordingly, the coercive force of the first magnetic layer 1 1 is preferably from 2 
Oe to 20 Oe. If the coercive force of the second magnetic layer 12 is too low, 
memory characteristics deteriorate, and if it is too high, recording current increases. 
Accordingly, the coercive force of the second magnetic layer 12 is preferably from 
5 Oe to 50 Oe. Also, the coercive force of the first magnetic layer 1 1 is preferably 
set at approximately half of that of the second magnetic layer 12. 

EMBODIMENT 7 

If two or more write lines are placed in the vicinity of a magnetoresistive 
film 14 as shown in FIG. 7, magnetic fields generated by the individual write lines 
are added, enabling the generation of a larger magnetic field. In FIG. 7, numeral 
14 represents the magnetic thin film element shown in FIGS. 4 A and 4B, numerals 
17 and 18 are write lines composed of a good conductor, and numerals 19 and 20 
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are magnetic fields generated by applying an electric current to the write lines 17 
and 18, respectively. 

In the structure including a detection layer (first magnetic layer 1 1), a 
nonmagnetic layer 13, and a memory layer (second magnetic layer 12), a weaker 
magnetic field is generated during reproducing in comparison with during 
recording. Therefore, by applying an electric current to one write line during 
reproducing and by applying an electric current to two write lines during recording, 
a current margin between reproducing and recording can be increased, resulting in 
the stable operation with no recording errors during reproducing. 

EMBODIMENT 8 

When one memory chip has a capacity of several hundreds of megabytes or 
several gigabytes, a plurality of one-bit memory cells including magnetic thin film 
elements in accordance with the present invention are arrayed in a matrix to 
constitute the entire memory. In such a case, since reading is performed 
independently for each cell, if a write line and a selector transistor are provided on 
each cell, integration decreases. Thus, a common write line is preferably provided 
on a plurality of cells. 

However, in such a structure, when an electric current is applied to the 
write line, a magnetic field is applied to a plurality of memory cells at the same 
time. Therefore, it is required to make a structure in which the magnetization of 
one memory cell, only, can be reversed, for example, by applying an electric 
current to the memory cell to be recorded. For that purpose, an active element such 
as a field effect transistor may be used for applying an electric current 
independently to a memory cell during reproducing. Thus, an electric current can 
be applied selectively to one memory cell among many memory cells in the 
vicinity of the write line. Since the electric current path can be the same as that 
used for reproducing and is perpendicular to an electric current applied to the write 
line, the magnetic field generated by the electric current is perpendicular to the 
magnetic field generated by the write line, and thus, the memory cell selected by 
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the active element has applied to it, a larger resultant magnetic field in comparison 
with other memory cells, resulting in reversal of magnetization. 

FIGS. 9 and 10 illustrate such memory cells in which one end of a magnetic 
thin film element is connected to a transistor and the other end is connected to a 
5 source voltage VDD. In FIG. 9, numeral 21 represents a magnetic thin film 
element, numerals 22 and 23 represent write lines, numeral 24 represents a 
transistor, and numeral 25 represents a control gate. In FIG. 10, numeral 31 
represents a magnetic thin film element, numerals 32 and 33 represent write lines, 
numeral 34 represents a transistor, and numeral 35 represents a control gate. 

10 Although not shown in FIG. 9 or 10, a read line composed of a good conductor is 
connected to the end of the magnetoresistive film 21 or 31, and a sense circuit or 
the like is connected so that a change in resistance can be detected. Write lines 22, 
23, 32, and 33 are provided in the vicinity of the magnetoresistive films 21 and 31 
with an insulator composed of Si0 2 , SiNx or the like therebetween. The write lines 

15 are placed perpendicular to the drawing and are used for writing to other memory 
cells (not shown in the drawing). The reproducing electric current path is 
horizontal in FIG. 9, and vertical in FIG. 10. In the spin-tunnel element, the 
structure as shown in FIG. 10 is adopted. Although, in the spin scattering element, 
either structure may be adopted, preferably the structure as shown in FIG. 9, in 

2 0 which the electric current is applied horizontally, is used since the absolute value 
of resistance decreases in the structure as shown in FIG. 10 in which the electric 
current is applied perpendicular to the film surface. 

Also, with respect to the structure including a detection layer (first 
magnetic layer), a nonmagnetic layer, and a memory layer (second magnetic layer), 

2 5 during reproducing, the magnetization of the detection layer can be reversed by 
applying a magnetic field to the magnetic thin film element of a specific memory 
cell in the same manner as during recording. Thus, a change in resistance occurs 
and the change is amplified by the sense circuit to be detected. In such a manner, 
information in a specific memory cell among many memory cells can be read. 
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Also, with respect to the structure including a memory layer (first magnetic 
layer), a nonmagnetic layer, and a pinned layer (second magnetic layer), since the 
absolute value of resistance is detected, the resistance of the element selected by 
the active element is amplified by the sense circuit for detection. 

Additionally, the magnetic thin film element and the magnetic thin film 
memory element described in the embodiments may be used for a magnetic sensor, 
or a magnetic head of a hard disk or the like. 

While the present invention has been described with reference to what are 
presently considered to be the preferred embodiments, it is to be understood that 
the invention is not limited to the disclosed embodiments. On the contrary, the 
invention is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. The scope of the 
following claims is to be accorded the broadest interpretation so as to encompass 
all such modifications and equivalent structures and functions. 
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